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Chemical Formula 2:

R3
—{-cHC

(CH2)m
F3C—C—CF3
I
R4
wherein R4 and Rj are the same or different and are a hydrogen atom, a chlorine atom, a fluorine atom, an alkyl group
or an alkyl group including a fluorine atom; R, is an atom or a group that is not released by an acid and is selected
from the group consisting of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic group, a heterocycle,

an ester group and an ether group; R, is a protecting group released by an acid; m is an integer of 0 through 5; and a
and b satisfy 0<a<1,0<b<1and0<a+b=1.
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EP 1372 033 A1
Description
Technical Field

[0001] The present invention relates to a pattern formation method and a pattern formation material, and more par-
ticularly, it relates to a pattern formation method for forming a resist pattern, for use in forming a semiconductor device
or a semiconductor integrated circuit on a semiconductor substrate, by using exposing light of a wavelength not longer
than a 180 nm band and a pattern formation material used in the pattern formation method.

Background Art

[0002] Currently, in fabrication of a mass storage semiconductor integrated circuit, such as a 64 Mbit dynamic random
access memory (DRAM) and a logic device or a system LS| with a 0.25 u m through 0.15 u m rule, a resist pattern is
formed by using a chemically amplified resist material including a polyhydroxystyrene derivative and an acid generator
as principal constituents with KrF excimer laser (wavelength: a 248 nm band) used as exposing light.

[0003] Moreover, for fabrication of a 256 Mbit DRAM, a 1 Gbit DRAM or a system LSI with a 0.15 u m through 0.13
u m rule, a pattern formation method using, as exposing light, ArF excimer laser (wavelength: a 193 nm band) lasing
at a shorter wavelength than the KrF excimer laser is now under development.

[0004] The resist material including a polyhydroxystyrene derivative as a principal constituent has high absorbance
against light of a wavelength of a 193 nm band because of an aromatic ring included therein. Therefore, exposing light
of a wavelength of a 193 nm band cannot uniformly reach the bottom of a resist film, and hence, a pattern cannot be
formed in a good shape. Accordingly, the resist material including a polyhydroxystyrene derivative as a principal con-
stituent cannot be used when the ArF excimer laser is used.

[0005] Therefore, a chemically amplified resist material including, as a principal constituent, a polyacrylic acid de-
rivative or a polycycloolefin derivative having no aromatic ring is used when the ArF excimer laser is used as the
exposing light.

[0006] On the other hand, as exposing light for a pattern formation method capable of coping with high resolution,
an electron beam (EB) and the like are being examined.

[0007] When the EB is used as the exposing light, however, the throughput is disadvantageously low, and hence,
the EB is not suitable to mass production. Thus, the EB is not preferred as the exposing light.

[0008] Accordingly, in order to form a resist pattern finer than 0.10 um, it is necessary to use exposing light of a
wavelength shorter than that of the ArF excimer laser, such as Xe, laser (wavelength: a 172 nm band), F, laser (wave-
length: a 157 nm band), Kr, laser (wavelength: a 146 nm band), ArKr laser (wavelength: a 134 nm band), Ar, laser
(wavelength: a 126 nm band), soft X-rays (wavelength: a 13, 11 or 5 nm band) and hard X-rays (wavelength: not longer
than a 1 nm band). In other words, a resist pattern is required to be formed by using exposing light of a wavelength
not longer than a 180 nm band.

[0009] Therefore, the present inventors have formed resist patterns by conducting pattern exposure using a F, laser
beam (wavelength: a 157 nm band) on resist films formed from conventionally known chemically amplified resist ma-
terials respectively including a polyhydroxystyrene derivative represented by Chemical Formula 21, a polyacrylic acid
derivative represented by Chemical Formula 22 and a polycycloolefin derivative represented by Chemical Formula 23.
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[0010] Now, a method for forming a resist pattern by using any of the aforementioned conventional chemically am-
plified resist materials and problems arising in the conventional method will be described with reference to FIGS. 2(a)

through 2(d).

[0011] First, as shown in FIG. 2(a), the aforementioned chemically amplified resist material is applied on a semicon-
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EP 1372 033 A1

ductor substrate 1 by spin coating and the resultant is heated, so as to form a resist film 2 with a thickness of 0.3 u m.
Thereafter, as shown in FIG. 2(b), the resist film 2 is irradiated with a F, laser beam 4 through a mask 3 for pattern
exposure. Thus, an acid is generated from the acid generator in an exposed portion 2a of the resist film 2 while no
acid is generated in an unexposed portion 2b of the resist film 2.

[0012] Next, as shown in FIG. 2(c), the semiconductor substrate 1 is heated with a hot plate 5 at a temperature of,
for example, 100°C for 60 seconds.

[0013] Then, the resist film 2 is developed with an alkaline developer, thereby forming a resist pattern 6 as shown
in FIG. 2(d).

[0014] However, as shown in FIG. 2(d), the resist pattern 6 is formed in a defective pattern shape, and there remains
much scum (residues) on the semiconductor substrate 1. Such problems occur not only in using the F, laser beam as
the exposing light but also in using any of the other light of a wavelength not longer than a 180 run band.

[0015] Accordingly, a resist pattern cannot be practically formed by irradiating a resist film formed from any of the
aforementioned chemically amplified resist materials with light of a wavelength not longer than a 180 nm band.

Disclosure of the Invention

[0016] In consideration of the aforementioned conventional problems, an object of the invention is forming a resist
pattern in a good pattern shape by using exposing light of a wavelength not longer than a 180 nm band with minimally
producing scum.

[0017] The presentinventors have studied the cause of the conventional problems occurring in using the conventional
chemically amplified resist materials and have found the following:

[0018] First, the chemically amplified resist materials have high absorbance against light of a wavelength not longer
than a 180 nm band. For example, a resist film with a thickness of 100 nm formed from the chemically amplified resist
material including a polyhydroxystyrene derivative has transmittance of 20% at most against a F, laser beam (wave-
length: a 157 nm band).

[0019] Therefore, various examination has been made on means for improving the transmittance of a chemically
amplified resist material against light of a wavelength not longer than a 180 nm band. As a result, it has been found
that a unitrepresented by Chemical Formula 1 and a unit represented by Chemical Formula 2 improve the transmittance
against light of a wavelength not longer than a 180 nm band.

[0020] The present invention was devised on the basis of the aforementioned finding, and specifically provides pat-
tern formation materials and methods described below.

[0021] The first pattern formation material comprises a base polymer including a first unit represented by Chemical
Formula 1 and a second unit represented by Chemical Formula 2; and an acid generator:

Chemical Formula 1:

R4
fon D
0=5=0
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Chemical Formula 2:

'?3
—cHyC),

(CHolm
? .
R4

wherein R4 and R; are the same or different and are a hydrogen atom, a chlorine atom, a fluorine atom, an alkyl group
or an alkyl group including a fluorine atom; R, is an atom or a group that is not released by an acid and is selected
from the group consisting of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic group, a heterocycle,
an ester group and an ether group; R, is a protecting group released by an acid; m is an integer of 0 through 5; and a
and b satisfy 0<a<1,0<b<1 and O<a+b=1.

[0022] Since the base polymer of the first pattern formation material includes the first unit and the second unit, the
transmittance of a resist film against light of a wavelength not longer than a 180 nm band is improved. Also, since
hexafluoroisopropyl alcohol is generated when R, is released from the second unit owing to the function of an acid,
the solubility of an exposed portion of the resist film in a developer is improved, and hence, the contrast in the solubility
between the exposed portion and an unexposed portion of the resist film is improved. Furthermore, since the second
unit has a benzene ring, resistance against dry etching is improved.

[0023] In the first pattern formation material, the base polymer can be prepared through radical polymerization of
the first unit and the second unit.

[0024] In the first pattern formation material, the base polymer can be prepared by obtaining a polymer through
radical polymerization of the first unit and a precursor obtained before substituting R, for the second unit and by allowing
R4 to bond to the precursor included in the polymer.

[0025] The second pattern formation material comprises a base polymer including a first unit represented by Chem-
ical Formula 1, a second unit represented by Chemical Formula 2 and a third unit represented by Chemical Formula
3; and an acid generator:

Chemical Formula 1:

R4
—('CHg"éé‘a
O=IS=O
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Chemical Formula 2:

Ra
—{cHyCYy

(CHom
F3C—C—CFg
Q
R4

Chemical Formula 3:

'fs

—{cH-G

(?Hz)n

FsC—C—CFq
OH

wherein Ry, Ry and R are the same or different and are a hydrogen atom, a chlorine atom, a fluorine atom, an
alkyl group or an alkyl group including a fluorine atom; R, is an atom or a group that is not released by an acid and is
selected from the group consisting of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic group, a
heterocycle, an ester group and an ether group; R, is a protecting group released by an acid; m is an integer of 0
through 5; n is an integer of 0 through 5; and a, b and ¢ satisfy 0 <a<1,0<b<1,0<c<1 and O<a+b+c=1.
[0026] In the second pattern formation material, since the base polymer includes the first unit, the second unit and
the third unit, the transmittance of a resist film against light of a wavelength not longer than a 180 nm band is largely
improved. Also, hexafluoroisopropyl alcohol is generated when R, is released from the second unit owing to the function
of an acid, and the third unit has hexafluoroisopropyl alcohol. Therefore, the solubility of an exposed portion of the
resist film in a developer is improved, so that the contrast in the solubility between the exposed portion and an unex-
posed portion of the resist film can be largely improved. In addition, the wettability of the resist film is improved so as
to largely improve adhesion between the resist film and a substrate. Furthermore, since the second unit and the third
unit respectively have benzene rings, the resistance against dry etching is largely improved.
[0027] In the second pattern formation material, the base polymer can be prepared through radical polymerization
of the first unit, the second unit and the third unit.
[0028] In the second pattern formation material, the base polymer can be prepared by obtaining a polymer through
radical polymerization of the first unit and the third unit and by substituting R, for some of H of OH groups of the third
unit included in the polymer.
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[0029] The third pattern formation material comprises a base polymer including a first unit represented by Chemical
Formula 1 and a second unit represented by Chemical Formula 4; and an acid generator:

Chemical Formula 1:

Chemical Formula 4:

wherein R, is a hydrogen atom, a chlorine atom, a fluorine atom, an alkyl group or an alkyl group including a
fluorine atom; R, is an atom or a group that is not released by an acid and is selected from the group consisting of a
hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic group, a heterocycle, an ester group and an ether
group; Rg is a protecting group released by an acid; p is an integer of 0 through 5; and a and d satisfy 0 <a<1,0<d<1
and O<a+d=1.

[0030] In the third pattern formation material, since the base polymer includes the first unit and the second unit, the
transmittance of a resist film against the light of a wavelength not longer than a 180 nm band is improved. In particular,
since the second unit has a norbornene ring, the transmittance of the resist film against the light of a wavelength not
longerthan a 180 nm band is further improved than in the first pattern formation material. Also, since hexafluoroisopropyl
alcohol is generated when Ry is released from the second unit owing to the function of an acid, the solubility of an
exposed portion of the resist film in a developer is improved, so that the contrast in the solubility between the exposed
portion and an unexposed portion of the resist film can be improved. Furthermore, since the second unit has a nor-
bornene ring, the resistance against dry etching is improved.

[0031] In the third pattern formation material, the base polymer can be prepared through radical polymerization of
the first unit and the second unit.

[0032] In the third pattern formation material, the base polymer can be prepared by obtaining a polymer through
radical polymerization of the first unit and a precursor obtained before substituting Rg for the second unit and by allowing
Rg to bond to the precursor included in the polymer.

[0033] The fourth pattern formation material comprises a base polymer including a first unit represented by Chemical
Formula 1, a second unit represented by Chemical Formula 4 and a third unit represented by Chemical Formula 5;
and an acid generator:
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Chemical Formula 1:

Chemical Formula 4:

Chemical Formula 5:

(?HZ)q
F3C_CI:—CF3
OH

wherein R, is a hydrogen atom, a chlorine atom, a fluorine atom, an alkyl group or an alkyl group including a
fluorine atom; R, is an atom or a group that is not released by an acid and is selected from the group consisting of a
hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic group, a heterocycle, an ester group and an ether
group; Rg is a protecting group released by an acid; p is an integer of 0 through 5; q is an integer of 0 through 5; and
a, d and e satisfy 0<a<1, 0<d<1, 0<e<1 and O<a+d+e = 1.

[0034] In the fourth pattern formation material, since the base polymer includes the first unit, the second unit and the
third unit, the transmittance of a resist film against the light of a wavelength not longer than a 180 nm band is largely
improved. In particular, since the second unit and the third unit respectively have norbornene rings, the transmittance
of the resist film against the light of a wavelength not longer than a 180 nm band is further improved than in the second
pattern formation material. Also, since hexafluoroisopropyl alcohol is generated when Rg is released from the second
unit owing to the function of an acid and the third unit has hexafluoroisopropyl alcohol, the solubility of an exposed
portion of the resist film in a developer is improved so that the contrast in the solubility between the exposed portion

10
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and an unexposed portion of the resist film can be largely improved. In addition, the wettability of the resist film is
improved so as to largely improve the adhesion between the resist film and a substrate. Furthermore, the second unit
and the third unit respectively have norbornene rings, the resistance against dry etching is largely improved.

[0035] In the fourth pattern formation material, the base polymer can be prepared through radical polymerization of
the first unit, the second unit and the third unit.

[0036] In the fourth pattern formation material, the base polymer can be prepared by obtaining a polymer through
radical polymerization of the first unit and the third unit and by substituting Rg for some of H of OH groups of the third
unit included in the polymer.

[0037] The first pattern formation method comprises the steps of forming a resist film by applying, on a substrate,
the first pattern formation material; irradiating the resist film with exposing light of a wavelength not longer than a 180
nm band for pattern exposure; and forming a resist pattern by developing the resist film after the pattern exposure.
[0038] In the first pattern formation method, since the first pattern formation material is used, the transmittance of
the resist film against light of a wavelength not longer than a 180 nm band is improved, the contrast in the solubility
between an exposed portion and an unexposed portion of the resist film is improved, and the resistance against dry
etching is improved.

[0039] The second pattern formation method comprises the steps of forming a resist film by applying, on a substrate,
the second pattern formation material; irradiating the resist film with exposing light of a wavelength not longer than a
180 nm band for pattern exposure; and forming a resist pattern by developing the resist film after the pattern exposure.
[0040] Inthe second pattern formation method, since the second pattern formation material is used, the transmittance
of the resist film against the light of a wavelength not longer than a 180 nm band is largely improved, the contrast in
the solubility between an exposed portion and an unexposed portion of the resist film is largely improved, the adhesion
between the resist film and the substrate is largely improved, and the resistance against dry etching is largely improved.
[0041] The third pattern formation method comprises the steps of forming a resist film by applying, on a substrate,
the third pattern formation material; irradiating the resist film with exposing light of a wavelength not longer than a 180
nm band for pattern exposure; and forming a resist pattern by developing the resist film after the pattern exposure.
[0042] In the third pattern formation method, since the third pattern formation material is used, the transmittance of
the resist film against the light of a wavelength not longer than a 180 nm band is further improved, the contrast in the
solubility between an exposed portion and an unexposed portion of the resist film is improved, and the resistance
against dry etching is improved.

[0043] The fourth pattern formation method comprises the steps of forming a resist film by applying, on a substrate,
the fourth pattern formation material; irradiating the resist film with exposing light of a wavelength not longer than a
180 nm band for pattern exposure; and forming a resist pattern by developing the resist film after the pattern exposure.
[0044] In the fourth pattern formation method, since the fourth pattern formation material is used, the transmittance
of the resist film against the light of a wavelength not longer than a 180 nm band is more largely improved, the contrast
in the solubility between an exposed portion and an unexposed portion of the resist film is largely improved, the adhesion
between the resist film and the substrate is largely improved, and the resistance against dry etching is largely improved.
[0045] In any of the first through fourth pattern formation methods, the exposing light can be light of a wavelength
of a 110 nm through 180 nm band, such as a Xe, laser beam, a F, laser beam, a Kr, laser beam, an ArKr laser beam
or an Ar, laser beam; a soft-X ray beam of a wavelength of a 1 nm through 30 nm band; or a hard-X ray beam of a
wavelength not longer than a 1 nm band.

Brief Description of Drawings

[0046]
FIGS. 1(a) through 1(d) are cross-sectional views for showing procedures in a pattern formation method according
to any of Embodiments 1 through 4 of the invention.
FIGS. 2(a) through 2(d) are cross-sectional views for showing procedures in a conventional pattern formation
method.

Best Mode for Carrying Out the Invention

(EMBODIMENT 1)

[0047] A pattern formation material and a pattern formation method according to Embodiment 1 of the invention will

now be described.

[0048] In Embodiment 1, the first pattern formation material and the first pattern formation method described in
[Means for Solving Problems] are embodied, and the specific composition of a resist material is as follows:

11
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Base polymer: a polymer represented by Chemical Formula 6
Acid generator: triphenylsulfonium triflate (5 wt% based on the base polymer)
Solvent: propylene glycol monomethyl ether acetate

Chemical Formula 6:

|
—0—C—CHjg

[
O CHj

2
C

[0049] Chemical Formula 6 represents a specific example of the base polymer including the first unit represented
by Chemical Formula 1 and the second unit represented by Chemical Formula 2.

[0050] Although R, of the first unit and R of the second unit are both hydrogen atoms, they may be the same or
different and may be a chlorine atom, a fluorine atom, an alkyl group or an alkyl group including a fluorine atom instead.
[0051] Also, as R, of the first unit, an atom or a group that is not released by an acid and is selected from the group
consisting of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic group, a heterocycle, an ester
group and an ether group can be used.

[0052] Also, as R, of the second unit, for example, any of protecting groups represented by Chemical Formula 7
may be widely used.

Chemical Formula 7:

CHj CHy
—%—o—f——cm —C—0—CoHs —Si~CHj
O CH, CHa CHj

G

—CH;=0-CHs ~ —CH,~0-CH; ~ —C—CH,
CHs
[0053] Furthermore, although m of the second unit is 0, it may be any integer of 1 through 5.

[0054] Now, a first synthesis method for the base polymer of the first pattern formation material will be described
with reference to Chemical Formula 8.

12
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Chemical Formula 8:

H H
H,C=CH H,C=CH l l
cl) PO $MA£RI ICZAALTIO O='S=O
I
F3C—Cl:-—CF3 CH3
O CH, F3C—C—CFj
, %—O—?—CH3 (P ?H3
O Hs G-0—C—CH,

Hs

[0055] Specifically, as represented by Chemical Formula 8, the base polymer of the first pattern formation material
is prepared through radical polymerization of the first unit represented by Chemical Formula 1 and the second unit
represented by Chemical Formula 2. In this case, the first unit and the second unit can be easily radical polymerized.
[0056] Next, a second synthesis method for the base polymer of the first pattern formation material will be described
with reference to Chemical Formula 9.

Chemical Formula 9:

H H
H,C=CH H,C=CH | |
l . -
0=$=0 —{—CH2_9WCH2 ¢t
o) RADICAL 0=5=0
& POLYHER | ZAT ION 0
3 |
F3C~C~CFy CH3
OH FaC—C—CF3
OH
! !
_‘éCHz‘?-)'MM—e CHZ‘C')"
0=5=0
?
CH
3 FsC~C—CFy
0 s
G=0—C—CHy
O Hs

[0057] Specifically, as represented by Chemical Formula 9, a copolymer is obtained through radical polymerization
of the first unit represented by Chemical Formula 1 and a precursor obtained before substituting R, for the second unit
represented by Chemical Formula 2, and R, is allowed to bond to the precursor included in the copolymer. In this case,
the first unit and the precursor can be easily radical polymerized.

[0058] Now, the pattern formation method of Embodiment 1 will be described with reference to FIGS. 1(a) through
1(d).

[0059] First, as shown in FIG. 1(a), the resist material having the above-described composition is applied on a sem-
iconductor substrate 10 by spin coating, thereby forming a resist film 11 with a thickness of 0.2 p m. At this point, since
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the base polymer is alkali-insoluble, the resist film 11 is alkali-insoluble.

[0060] Next, as shown in FIG. 1(b), the resist film 11 is subjected to pattern exposure by irradiating through a mask
12 with a F, excimer laser beam 13 (wavelength: a 157 nm band). Thus, an acid is generated from the acid generator
in an exposed portion 11a of the resist film 11 while no acid is generated in an unexposed portion 11b of the resist film 11.
[0061] Then, as shown in FIG. 1(c), the semiconductor substrate 10 together with the resist film 11 is heated with a
hot plate 14. Thus, the base polymer is heated in the presence of the acid in the exposed portion 11a of the resist film
11, so as to release the protecting group of Chemical Formula 2. As a result, the base polymer becomes alkalisoluble.
[0062] Subsequently, the resist film 11 is developed with an alkaline developer such as a tetramethylammonium
hydroxide aqueous solution. Thus, the exposed portion 11a of the resist film 11 is dissolved in the developer, so that
a resist pattern 15 can be formed from the unexposed portion 11b of the resist film 11 as shown in FIG. 1(d).

(EMBODIMENT 2)

[0063] A pattern formation material and a pattern formation method according to Embodiment 2 of the invention will
now be described. Embodiment 2 is different from Embodiment 1 in the resist material alone, and hence, the resist
material alone will be herein described.

[0064] In Embodiment 2, the second pattern formation material and the second pattern formation method described
in [Means for Solving Problems] are embodied, and the specific composition of the resist material is as follows:

Base polymer: a polymer represented by Chemical Formula 10
Acid generator: triphenylsulfonium triflate (5 wt% based on the base polymer)
Solvent: propylene glycol monomethyl ether acetate

Chemical Formula 10:
H H

H
| | | +
_GCHfC,; 660 \ CH2"C7530 CH2=C76.10
0=5=0 N
l

0 | |
a

FsC—G-CF3  F4C—C—CFy
O OH
HgC—C—CHg
CH,

[0065] Chemical Formula 10 represents a specific example of the base polymer including the first unit represented
by Chemical Formula 1, the second unit represented by Chemical Formula 2 and the third unit represented by Chemical
Formula 3.

[0066] Although R, of the first unit, Ry of the second unit and Ry of the third unit are all hydrogen atoms, they may
be the same or different and may be a chlorine atom, a fluorine atom, an alkyl group or an alkyl group including a
fluorine atom instead.

[0067] Also, as R, of the first unit, an atom or a group that is not released by an acid and is selected from the group
consisting of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic group, a heterocycle, an ester
group and an ether group can be used.

[0068] As R, of the first unit, for example, any of the protecting groups represented by Chemical Formula 7 may be
widely used.

[0069] Although m of the second unit is 0, it may be any integer of 1 through 5 instead.

[0070] Also, although n of the third unit is 0, it may be any integer of 1 through 5 instead.
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[0071] Now, a first synthesis method for the base polymer of the second pattern formation material will be described
with reference to Chemical Formula 11.

Chemical Formula 11:

H20=CIDH H,C=CH H,C=CH
o)
F3C—C—CF3 F3C—C—CF3
]
Q OH
H30—9—0H3
CHa

H H H
—QCHZ—c::é-N\M—(—CHz-cI:-)-MM—QCHz—CI:}

e R 0=8=0
RAD1CAL '
POLYMER|ZAT 10N
F3C—C—CF3 F3C—C—CF3
% OH
H3C—C~CHa
CH3

[0072] Specifically, as represented by Chemical Formula 11, the base polymer of the second pattern formation ma-
terial is obtained through the radical polymerization of the first unit represented by Chemical Formula 1, the second
unit represented by Chemical Formula 2 and the third unit represented by Chemical Formula 3. In this case, the first
unit, the second unit and the third unit can be easily radical polymerized.

[0073] Next, a second synthesis method for the base polymer of the second pattern formation material will be de-
scribed with reference to Chemical Formula 12.
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Chemical Formula 12:

H,C=CH H,C=CH | i
O=?=O + _(_C?:z—_)_(:\/\/\/\__(_CHZ_C.)_
o RAD(CAL e
POLYMERZATION o
F3C—C—CF3
OH F3C—C—CFs
OH
*r i *.'
+CH2-?WCH2-CWCH2-C+
B o=5|;=o
0
FaC—C—CF3 F3C—C—CF;
1
? OH
H3C""?"CH3
CHj

[0074] Specifically, a copolymer is obtained through the radical polymerization of the first unit represented by Chem-
ical Formula 1 and the third unit represented by Chemical Formula 3, and R, is substituted for some of H of OH groups
of the third unit included in the copolymer. In this case, the first unit and the third unit can be easily radical polymerized.

(EMBODIMENT 3)

[0075] A pattern formation material and a pattern formation method according to Embodiment 3 of the invention will
now be described. Embodiment 3 is different from Embodiment 1 in the resist material alone, and hence, the resist
material alone will be herein described.

[0076] In Embodiment 3, the third pattern formation material and the third pattern formation method described in
[Means for Solving Problems] are embodied, and the specific composition of the resist material is as follows:

Base polymer: a polymer represented by Chemical Formula 13

Acid generator: triphenylsulfonium triflate (5 wt% based on the base polymer)
Solvent: propylene glycol monomethyl ether acetate
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Chemical Formula 13:

[0077] Chemical Formula 13 represents a specific example of the base polymer including the first unit represented
by Chemical Formula 1 and the second unit represented by Chemical Formula 4.

[0078] Although R, of the first unit is a hydrogen atom, it may be a chlorine atom, a fluorine atom, an alkyl group or
an alkyl group including a fluorine atom instead.

[0079] Also, as R, of the first unit, an atom or a group that is not released by an acid and is selected from the group
consisting of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic group, a heterocycle, an ester
group and an ether group can be used.

[0080] As Rg of the second unit, for example, any of the protecting groups represented by Chemical Formula 7 may
be widely used.

[0081] Also, although p of the second unit is 1, it may be 0 or any integer of 2 through 5 instead.

[0082] Now, a first synthesis method for the base polymer of the third pattern formation material will be described
with reference to Chemical Formula 14.

Chemical Formula 14:

*.*
o=s=0 + a| -—éCH{?_
7 G oo &
Fio—btr,  POLTERIZATIO i
o Fac—(;t—CFa
CH, o)
o CH,
|
CHs o)
CH;

[0083] Specifically, the base polymer of the third pattern formation material is obtained through the radical polymer-
ization of the first unit represented by Chemical Formula 1 and the second unit represented by Chemical Formula 4.
In this case, the first unit and the second unit can be easily radical polymerized.

[0084] Next, a second synthesis method for the base polymer of the third pattern formation material will be described
with reference to Chemical Formula 15.
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Chemical Formula 15:

:
0=s=0 + —  —{CHy<C
o) RADICAL 0=8=0
CH, POLYMER | ZAT10ON l
F3C~C~CF; CH,
! ]
OH FC~C—CFy
OH
I
—{—CH2—<.:
—_— o=§=o
O
Ha
F30’?"CF3
9
G
?
CHj

[0085] Specifically, a copolymer is obtained through the radical polymerization of the first unit represented by Chem-
ical Formula 1 and a precursor obtained before substituting Rg for the second unit represented by Chemical Formula
4, and Ry is allowed to bond to the precursor included in the copolymer. In this case, the first unit and the precursor
can be easily radical polymerized.

(EMBODIMENT 4)

[0086] A pattern formation material and a pattern formation method according to Embodiment 4 of the invention will
now be described. Embodiment 4 is different from Embodiment 1 in the resist material alone, and hence, the resist
material alone will be herein described.

[0087] In Embodiment 4, the fourth pattern formation material and the fourth pattern formation method described in
[Means for Solving Problems] are embodied, and the specific composition of the resist material is as follows:

Base polymer: a polymer represented by Chemical Formula 16

Acid generator: triphenylsulfonium triflate (5 wt% based on the base polymer)
Solvent: propylene glycol monomethyl ether acetate
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Chemical Formula 16:

—(—CHZ

/
/0.40 /0.10

9 10.50

S=O

o

H, CHa

—CF; F3C— C—CF3
? 0

H3C—C|J—CH3 OH
CHs

¢
F3C""(':

[0088] Chemical Formula 16 represents a specific example of the base polymer including the first unit represented
by Chemical Formula 1, the second unit represented by Chemical Formula 4 and the third unit represented by Chemical
Formula 5.

[0089] Although R, of the first unit is a hydrogen atom, it may be a chlorine atom, a fluorine atom, an alkyl group or
an alkyl group including a fluorine atom instead.

[0090] Also, as R, of the first unit, an atom or a group that is not released by an acid and is selected from the group
consisting of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic group, a heterocycle, an ester
group and an ether group can be used.

[0091] As Rg of the second unit, for example, any of the protecting groups represented by Chemical Formula 7 may
be widely used.

[0092] Although p of the second unit is 1, it may be 0 or any integer of 2 through 5 instead.

[0093] Although q of the third unit is 1, it may be 0 or any integer of 2 through 5 instead.

[0094] Now, a first synthesis method for the base polymer of the fourth pattern formation material will be described
with reference to Chemical Formula 17.
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Chemical Formula 17;

HzC=?H
O—-z—o + +
Gt i
F3C—(|:—-CF3 F3C—CI:—CF3
o) OH
H3C—C::-CH3
CHj
H
+CH2‘C}
— 0=8=0
RADICAL 5
POLYMER1ZAT ION CH» Cl:Hz
F3C"<::""CF3 F3C"lC‘CF3
0 OH
H3C—C|:—-CH3

CH3

[0095] Specifically, as represented by Chemical Formula 17, the base polymer of the fourth pattern formation material
is obtained through the radical polymerization of the first unit represented by Chemical Formula 1, the second unit
represented by Chemical Formula 4 and the third unit represented by Chemical Formula 5. In this case, the first unit,
the second unit and the third unit can be easily radical polymerized.

[0096] Next, a second synthesis method for the base polymer of the fourth pattern formation material will be described
with reference to Chemical Formula 18.
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Chemical Formula 18;

j
0=S=0 -+ — -
i RADICAL L
CHz  POLYMERIZATION 0=$=0
FsC—C—CFs ° CH,
OH F3C—(:3—-CF3
OH

— 0=5=0
o}
o g
FsC—C—CF3  F3C—C—CFy
0 OH
HyC—C—CHj
CH,

[0097] Specifically, as represented by Chemical Formula 18, a copolymer is obtained through the radical polymeri-
zation of the first unit represented by Chemical Formula 1 and the third unit represented by Chemical Formula 5, and
Rg is substituted for some of H of OH groups of the third unit included in the copolymer. In this case, the first unit and
the third unit can be easily radical polymerized.

[0098] Although the F, laser beam is used as the exposing light in each of Embodiments 1 through 4, light of a
wavelength of a 110 nm through 180 nm band, such as a Xe, laser beam, a Kr, laser beam, an ArKr laser beam, an
Ar, laser beam; a soft-X ray beam of a wavelength of a 1 nm through 30 nm band; or a hard-X ray beam of a wavelength
not longer than a 1 nm band can be used instead.

Industrial Applicability
[0099] The first through fourth pattern formation materials and the first through fourth pattern formation methods
according to the invention improve the transmittance of a resist film against light of a wavelength not longer than a 180
nm band.
Claims
1. A pattern formation material comprising:

a base polymer including a first unit represented by Chemical Formula 1 and a second unit represented by

Chemical Formula 2; and
an acid generator:
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Chemical Formula 1:

Rq
b
0=§=0

O
|

R

Chemical Formula 2:

Ra
_(—CHZ-C')'B

(CH2)m
F3C—C—CF;

O
|

R4

wherein Ry and Rj are the same or different and are a hydrogen atom, a chlorine atom, a fluorine atom, an
alkyl group or an alkyl group including a fluorine atom; R, is an atom or a group that is not released by an acid
and is selected from the group consisting of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic
group, a heterocycle, an ester group and an ether group; R, is a protecting group released by an acid; m is an
integer of 0 through 5; and aand b satisfy0<a<1,0<b<1and0O<a+b=1.

The pattern formation material of Claim 1,
wherein said base polymer is prepared through radical polymerization of said first unit and said second unit.

The pattern formation material of Claim 1,

wherein said base polymer is prepared by obtaining a polymer through radical polymerization of said first
unit and a precursor obtained before substituting R, for said second unit and by allowing R, to bond to said pre-
cursor included in said polymer.

A pattern formation material comprising:
a base polymer including a first unit represented by Chemical Formula 1, a second unit represented by Chem-

ical Formula 2 and a third unit represented by Chemical Formula 3; and
an acid generator:
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Chemical Formula 1;

R4
—erGo
0=§=0

O

]
R

Chemical Formula 2:

Chemical Formula 3:

—(—CHZ-?)-)-

5
c

(?Hz)n

FaC—C—CFy
OH

wherein R4, R3 and Rj are the same or different and are a hydrogen atom, a chlorine atom, a fluorine atom,
an alkyl group or an alkyl group including a fluorine atom; R, is an atom or a group that is not released by an acid
and is selected from the group consisting of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic
group, a heterocycle, an ester group and an ether group; R, is a protecting group released by an acid; m is an
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integer of 0 through 5; n is an integer of 0 through 5; and a, b and c satisfy0 <a<1,0<b<1,0<c<1and0<a
+b+c=1.

The pattern formation material of Claim 4,
wherein said base polymer is prepared through radical polymerization of said first unit, said second unit and
said third unit.

The pattern formation material of Claim 4,
wherein said base polymer is prepared by obtaining a polymer through radical polymerization of said first
unit and said third unit and by substituting R, for some of H of OH groups of said third unit included in said polymer.

A pattern formation material comprising:

a base polymer including a first unit represented by Chemical Formula 1 and a second unit represented by
Chemical Formula 4; and
an acid generator:

Chemical Formula 1:

R
oo,
0=5=0

O
!

Ra

Chemical Formula 4:

(CHa),
F3C—~C~CFj
0

|
Re

wherein R, is a hydrogen atom, a chlorine atom, a fluorine atom, an alkyl group or an alkyl group including
a fluorine atom; R, is an atom or a group that is not released by an acid and is selected from the group consisting
of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic group, a heterocycle, an ester group and
an ether group; Rg is a protecting group released by an acid; p is an integer of 0 through 5; and a and d satisfy 0
<a<1,0<d<t1andO<a+d=1.

The pattern formation material of Claim 7,
wherein said base polymer is prepared through radical polymerization of said first unit and said second unit.

The pattern formation material of Claim 7,
wherein said base polymer is prepared by obtaining a polymer through radical polymerization of said first
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unit and a precursor obtained before substituting Rg for said second unit and by allowing Rg to bond to said pre-
cursor included in said polymer.

10. A pattern formation material comprising:

a base polymer including a first unit represented by Chemical Formula 1, a second unit represented by Chem-
ical Formula 4 and a third unit represented by Chemical Formula 5; and
an acid generator:

Chemical Formula 1:

R
~fonrtY,
0=5=0

O

|
R;

Chemical Formula 4:

Chemical Formula 5:

(?Hz)q
F3C"'?"‘CF3
OH

wherein R, is a hydrogen atom, a chlorine atom, a fluorine atom, an alkyl group or an alkyl group including
a fluorine atom; R, is an atom or a group that is not released by an acid and is selected from the group consisting
of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic group, a heterocycle, an ester group and
an ether group; Rg is a protecting group released by an acid; p is an integer of 0 through 5; q is an integer of 0
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through 5;and a,dand e satisfy0<a<1,0<d<1,0<e<1andO<a+d+e=1.

11. The pattern formation material of Claim 10,
wherein said base polymer is prepared through radical polymerization of said first unit, said second unit and
said third unit.

12. The pattern formation material of Claim 10,
wherein said base polymer is prepared by obtaining a polymer through radical polymerization of said first
unit and said third unit and by substituting Rg for some of H of OH groups of said third unit included in said polymer.

13. A pattern formation method comprising the steps of:

forming a resist film by applying, on a substrate, a pattern formation material containing a base polymer in-
cluding a first unit represented by Chemical Formula 1 and a second unit represented by Chemical Formula
2, and an acid generator:

Chemical Formula 1:;

R4
o),
0=§=0
O

|
R

Chemical Formula 2:

'fs
—cH-Ch

(CH2)m
FaC~C—CF;
?

R4

wherein R, and R are the same or different and are a hydrogen atom, a chlorine atom, a fluorine atom, an
alkyl group or an alkyl group including a fluorine atom; R, is an atom or a group that is not released by an acid
and is selected from the group consisting of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic
group, a heterocycle, an ester group and an ether group; R, is a protecting group released by an acid; m is an
integer of 0 through 5; and a and b satisfy0<a<1,0<b<1and0<a+b=1;

irradiating said resist film with exposing light of a wavelength not longer than a 180 nm band for pattern
exposure; and
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forming a resist pattern by developing said resist film after the pattern exposure.
14. A pattern formation method comprising the steps of:
forming a resist film by applying, on a substrate, a pattern formation material containing a base polymer in-

cluding a first unit represented by Chemical Formula 1, a second unit represented by Chemical Formula 2 and
a third unit represented by Chemical Formula 3, and an acid generator:

Chemical Formula 1:

R
~font),
0=5=0

0o
|

R

Chemical Formula 2:

Ffa
—cHC

(CH2)m
F4C~C~CF;

?
Ry
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Chemical Formula 3:

Rs
—-CHp-C-

(?Hz)n
Fgc"CI:—CF:;
OH

wherein Ry, R3 and Rj are the same or different and are a hydrogen atom, a chlorine atom, a fluorine
atom, an alkyl group or an alkyl group including a fluorine atom; R, is an atom or a group that is not released
by an acid and is selected from the group consisting of a hydrogen atom, an alkyl group, a cyclic aliphatic
group, an aromatic group, a heterocycle, an ester group and an ether group; R, is a protecting group released
by an acid; m is an integer of 0 through 5; n is an integer of 0 through 5; and a, b and c satisfy0 <a<1,0<
b<1,0<c<1andO<a+b+c=1;
irradiating said resist film with exposing light of a wavelength not longer than a 180 nm band for pattern ex-
posure; and
forming a resist pattern by developing said resist film after the pattern exposure.

15. A pattern formation method comprising the steps of:
forming a resist film by applying, on a substrate, a pattern formation material containing a base polymer in-

cluding a first unit represented by Chemical Formula 1 and a second unit represented by Chemical Formula
4, and an acid generator:

Chemical Formula 1:

R4
o D,
O=§=O

0o

|
R;
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Chemical Formula 4;

(CHo)p
F3C_C|:'_CF3
Q
Rs

wherein R, is a hydrogen atom, a chlorine atom, a fluorine atom, an alkyl group or an alkyl group including
a fluorine atom; R, is an atom or a group that is not released by an acid and is selected from the group
consisting of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic group, a heterocycle, an
ester group and an ether group; Rg is a protecting group released by an acid; p is an integer of 0 through 5;
andaanddsatisfy0<a<1,0<d<1andO<a+d=1;
irradiating said resist film with exposing light of a wavelength not longer than a 180 nm band for pattern ex-
posure; and
forming a resist pattern by developing said resist film after the pattern exposure.

16. A pattern formation method comprising the steps of:
forming a resist film by applying, on a substrate, a pattern formation material containing a base polymer in-

cluding a first unit represented by Chemical Formula 1, a second unit represented by Chemical Formula 4 and
a third unit represented by Chemical Formula 5, and an acid generator:

Chemical Formulia 1:

R1
—('CHg"(;:')'a
O=§=O
O

a
R2
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Chemical Formula 4:

Chemical Formula 5:

(?Hz)q
F3C—(|:—'C F3
OH

wherein R, is a hydrogen atom, a chlorine atom, a fluorine atom, an alkyl group or an alkyl group including
a fluorine atom; R, is an atom or a group that is not released by an acid and is selected from the group
consisting of a hydrogen atom, an alkyl group, a cyclic aliphatic group, an aromatic group, a heterocycle, an
ester group and an ether group; Rg is a protecting group released by an acid; p is an integer of 0 through 5;
q is an integer of 0 through 5; and a, dand e satisfy0 <a<1,0<d<1,0<e<1and0<a+d+e=1;
irradiating said resist film with exposing light of a wavelength not longer than a 180 nm band for pattern ex-
posure; and
forming a resist pattern by developing said resist film after the pattern exposure.

17. The pattern formation method of any of Claims 13 through 16,
wherein said exposing light is a Xe, laser beam, a F, laser beam, a Kr, laser beam, an ArKr laser beam or

an Ar, laser beam.

18. The pattern formation method of any of Claims 13 through 16,
wherein said exposing light is a soft-X ray beam.

19. The pattern formation method of any of Claims 13 through 16,
wherein said exposing light is a hard-X ray beam.
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